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OFA IARGELONG-RANGEFLYINGBOAT-

LANGLEYTANKMXiELl&)

By JohnB.%rlsfneon,RolandE.Olson,
andMarvin1.Haex

SUM4ARY

Frlr.ci@eefordesign$mgtheoptimwuhullfora largelong-
rangefl.yqboattomeet%Qsmquiyements02seaworthiness,minimum
drag,andabilitytotake&f andland@talloperationalgross
loadswereincorporatedin@ ~-s~ze*wemxidynamicmodelofa”

4 fo~ ;enginetrmqortf.l.yingWat bwinga designgrossload
ofw5,cm)pour?.as. The~edesignprinciplesincludedtheselection

. ofa moderatebeamloading,.au@eforebdyIengt&,sufficientdepth
ofstep,andcloseatli.wwncetotheformofa sk-eanitinelmdy.

Theaerodynamicand.h@rodynamiccharacteristicsofthemodel
wereinvest.@atedinLangleytankno.1. Testsweremadetodete~e
theminimmnaJd.owabledeythofstepforadequatelandingstability,
thesuitabilityoftiefore-and-aftlocationofthestep,thetake-
offperformance,thespraycharacteristics,andtheeffectsof
simplespray-controldevices.Thetestresultsindicatedthat:
Landingstabilitywassatisfactorywitha depthofstepof9 percent
beamatthecentwcid;thehydrody-c center-of-gavityrangeror
sta%letake-ot’fswassatisfactoryastoextentandpositionwith
respecttothestableflightrangedesired;thetake-offperformance
wassatisfactayforthepowerloadingaeswd; therelationofthe .
proportionstothedesignloadingofthehullwascorrectfor
satisfactorys’pra~characteristics;andlergeoverloadswere
possiblewithrelativelysimplespray-controldevi’ces.me .
applicationofthedesigncriterionsusedendtestreeultsehouJ.d
beusefulinthepreliminarydesign ofsimilarlargeflying’boats.

.
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ll!?TRODUCTION

reference1,principlesfor
long-rangeflyingboatwere

desi~ingtheoptimumhullfor
proposedtomeettherequirements
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ofseaworthiness,mlriimumdr~,andabilitytotakeoffandland
atalloperationalgroeeIcmds.Theeeyrimcipleeincludedtm
selectionof’a moderatebeamloading,ampleforebodylength,
sufficientdepthofstep,andcloseadherencetotheformofa
streamlinebody.

Figure5 ofreference3.showsthelknesofanexperimental
hullformillustre.t~mgtheapplicationof theproposedprinciples.
TMs formhassincebeenincorporatedIna powered@namicmodel
ofa four-enginetransportfly- hat, L.an@eytankmodella,
andhasbeentestedinLangleytankno,1. l!einvestigation
includedthedeterminationoftheaerodynamicliftandpltihi~
moment,take-offendlandingetability,sprayoharacteristfcs,and
excessthrustofthepoweredmodel.

Thepresentpayereummsz’i.zestheresultsofthetestsforuse
intheapplicationofthehulllinestothedesignofsimilar
airplanes.Thiepaperalsofurtherillustrates theprocedurefor
thedesignofflying-boathullsoutlinedinreferenoe1 andredefines
thehydrodynamiccriterionsusedintheLar@eytsmksforevaluating
depthofventilationofthestep,fore-and-aftlocatimofthestep,
andeffectivenessofdevicesforcontrolofBpray.Themodlficatione
invest@at@aretypicalofsmallchangesinhulllWes thatoffer
thepossibilityoflargeimprovementsinthehydrodynamiccharacter-
isticsiftheireffectsarejui@ed.inthetermsoftheyertlnent
full-sizeperformancecriterions,
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aerodymamiopitohing-moment
p&v%-/

effectivethrust,pounds(T- AD= DC+R)

maximum beamoverchines,feet

meanaerodynamicchord@LA.C.), feet

dragofmodelwithoutpropellers,poumde

increaseindragduetosllystream,pounds . .

loadonwater,pounds

grossload,pounds _—..
. .

accelerationofgravity,f“eetpersecondpersecond

lengthofforebcdyfrombowtostepoentroid,feet

aerodynamicpitchingmoment}pound-feet

measuredresultanthorizontalforcewithpoweron,pounds

aensityofair,slugspercubicfoot~ .

areaofwing,squarefeet

propellerthus+,pounds

Oarriagespeed,feetpersecond[a~prox.95percentofairspeed)
spectffcweightof water,poundspercubiofoot(63.2for

theseteste;usual~takenas64for seawater)

Othersynibolsusedare

5e elevatordepletion,degrees

‘f flapdeflection,degrees

T ‘trim,iiegrees(tm@e betweenbasel+= ofhullandwater
piane)



DESCRD’TIONOFWIEL “ I

Ovex-All&Md@l

Lan@eytankmodell&3representsa long-range””hansportSeaplana
poweredbyfour3,000-horsepowerenginesandhavinga des@ngross
loadOf 165,000pOUIldS. Sucha seaplaneshouldbeseaworthyin
shelteredwatersendmoderateo~en-sqaconditions,shouldhavea
considerablerangeofhydrodynamicaswellasaerodynamicstable
positionsofthecenterofgravitytbacccmmctitea’varietyof
loadingconditicms,andehouldbecapableofoverloadingfor
economyon longover-ocean$M@h.ts.Thehydrodynsad.odesigngenemlly
shouldbeconeerv&ttvetoallowforthevarietyofoperating
conditionsencounteredinlong-rangecommercialservicewithoutundue
Impairmentofthepdimaryfunctionsoftheairplane..

A
~
rspectivedrawingof’thetypeofairplanerepresentedby

model1 isshowninfigure1;theaerodynamicandpropulsive
characteristicsandhulldimensionsforitsdesignaregivenIn
table1. Thegeneralarrang&entofthemodel,whichis ~full
size,isdmni in

Thehullwas
afterthegeneral
detemined.

fQure2.”

....”
HullDes@

desi~edaccordingtotheproceWreofreference1
specificationsandover-alldesignhadbeen

Beam.-Thebeamwasselectedtogivea satisfactoryfunctional
widthoffuselageforthetypeofairplaneendtogivea valueof
thegross-loadcoefficient(beamloading)neartheupperlimit
reccmWndedinreference1 forconventionallength-hemratios.nm
theexpressionforgross-loadcoefficient

thebeamof15feetandthedesigngross
correspondtoa CA of0.76.

0

10SLIof165,000~~ds

Inconsideringthedesignwingandpowerloadings,comeover-
loadingshouldbeanticipatedintheairplanedesigninordertomake
operationpossibleunderextremeloadingconditions.Ifenoverload
grossloadof185,000poundsisassumed,thegross-loadcoefficient
becomes0.%, whichisstillwithintherangeofthosecurrentlyused

b.

.

I
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forccx’wentionalhulls.Theactualhydrodynamiclimitfnload
dependsonthespraycharacteristicsandstabilityofthespecific
configuration,aswellastiepowerloading>ad iSa sub~ectfor
additionalinvestigationbothinthetankandaftertheairplane
isplacedin.operation.

Len@h.-Thele@h oftheforebodywasselectedtoprovide
a satisfactory”functionalLengthoffuselageaheadofthecen@r
ofgravity,anda conservativel&@h-beamratioforthegross-
loadcoefficientwaschosentoInsureadequatespraycontroland
seaworthinessatlowspeeds.Fromthefollowfngrel.ati~from‘
reference2

the
for

forelmdylength-beamratioo?3.4@ves a valueof k of00066
thedesfmmoss load.which,frcmex~r~encewithsimilar

configuratio~s,-insuress~ficie~tlengti-offorebody.Theoverload
grossloadcorrespond?toa valueof “k of0.074,whichwaswithin
theaccepteiirangeirreverence2 forenoverload.condition,although
notthevaluerecommendedforwe designconditicm.

Theafterbodylength-beam”ratioof2.5wasselected&??bit&ni~y
frompreviousexperience.Thisvalue’wascheckedby’spreliminary
loadwater-linecalculationtoinsuresufficientbuoyancyaftof
thecenterofgravityandtoinsurelongiiu&lnalstabilityYorthe
staticcondition.Thelength-beamr.atioofforebodyplusafterbody
thereforeis5.9,whichIsre~esentativeofdes$gnpracticeforthe ““-
assumedgross-loadcoefficient.

&J&L1-me deptiofthehullwaschosenfromexperiencew-lth
a similarmodeltocorrespondtoa heightoftheburiedwingroot
thatgivessatisfactoryclearancefromsprayforthepropellersand
flape.ThedepthofthehullISalsosui%ableforthelayoutof
twofulldecks,which’wouldhedesirablefora tran6portfusel.ag6
ofthesizerepresented.
,.

@tep.-As statedinreference1,a 30°V-stepwasselectedin
preferencetoa transversesteponthebasisthat lessn+eandepth
wouldberequiredforadequatelandingstability.Theforebody
endafterbdylengthsarethenreferred.”tothetienterofgravity
ofthestepplanformfcentroid).A tentativedepthofstep
of6.5~ercentteamatthe’centroidwasselectedwiththeasmmptim
thatthefinaldepthwouldbebasedonthelandingstabilityof
themodel,Therelativefoie-and%ftlocationofthestepand
wingwasselectedsothata line“Mxn’thestepcentroidtothe
rnesmdesi+plocationofthecenterof’gravity(30percentM.A.C,)
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makeeanangleof12°withthevertical.Thisangleisthesame
aatheestimatedangleoftrimfora full-stalllandinga8proposed
Inreference1,withtheassumpticrithatthefinallocationofthe
stepwouldbebasedonthetake-offstibilityofthemodel,
particularlythelocatfonoftheforwardl~t ofstablepositions
ofthecenterofgravihy.

de betweenforebotyandafterbcdy keel.s.-Thean@ebetwean
thekeelshasa markedeffectonthetrfmandsprayattaxiing
syeeds.we valueof7°usedisa gocdcompromiseformeet
flying‘boathullstogivesatisfactorytrimsuptothehumpsFeed
andacceptableresistanceatspeedsapproachingtake-off.

EkQ9” - Thelines of the,hull areshowninfigure3 and
detailedoffsetsoftheformaregivenintable11. Sincethe
heightofhullatthewingrootisgreaterthanthemaximumbeam,
thebasicformofthehullforminimumdragwastakenasa streamline
bodywithellipticalcrosssectionstowhichtieforebodyand
afterbody@aningsurfaceswereaddedandblendedas.hamoniously
aspossillebymeansofdrawfng-%oardlayouts.Theplanform oftie
hullendthevariationoftheminoraxesof’theellipsesarethe
sameasthethicknessvar~atlonoftheNACA00seriesofairfoils
(fig.1 ofreference3). Theratioofthema~ortotheminoraxis
ofthecrosssectiouhaea constantvalueof1.35. Themeanline
oftheellipticalbody(locicfthecentersoftheellipses)is
curvedupwardaftof,themaximumsectiontogive.thedesireddeck
lineaftofthewingandthedesiredverticallocationofthe
tailroot*

Theforebodyplaningbottomatthemaximumbeam,i3tati.on9,
hasanangleofdeadriseof20°atthekeelexcludingchineflare
endanangleofdeadriseofapgrox$mately17.7°includtigthechine
flare.Thebuttocksinthisareaarestraightandparallelfor
approximately1.5beamsforwardofthestepcentroid.Forwardofthe
planingbottomtheangleofdeadriseincreasesW about~“ atthe
forwardperpendicular,andthebottomsectionsme fa~redtagive
straightorslightlyconcavewaterlinesneagthebow.

Theafterbodybottomhasstraight-line-bottomsectionswith20°
deadrise.Thetailextensiona%oveandaftofthesternpostis
fairedtogiveeasywaterlinesand.toblendintothebasic
ellipticalbodyatthetailroot.

.

TheuseofthestreamlineplanformandellipticaliWpSidOS.
resultsinover-allformwhichpresumablyhasa relativelylow

.

aerodynamicdragforthedimensionsandproportionsderived. --

Modificationsforadaptationtothefinaldeeignsuchastheaddition ●
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ofthepilotrscanopy,fairingofthewingroot,andwideningofthe
planformaftforstructuralrigidityofthetailextensionare
outsidethescopeoftheprellmharydesignandwouldnothave
a largeeffectontheresults~resentedinthispaper.

The PoweredDynsmaicModel

Phot~graphsofmodell&3&ireshowninfigure4. Themodel
wasconstructedofWlsa andyl~woodandwaspoweredwithfour
variable-frequencyalternating-currentmotorsinstalledinthe
nacellesanddrivingfcmr-bladewoodonpro~ellers.

Themodelwasfittedwithleading-edgeslatstoobtainan
angleofstallequaltothatestimatedforthefull-sizewing
andwithmovableelevatorscontrollediVomtheo’bsener’s~eat
onthetowingcarriage.Thefla~swereofthesimplesplittype
extendingover51.6percentofthewingspanendhavinga
chord21.5percentofthemoanaerodynamicchord.

ThehullW a horizontalpartinglineanda removablestep
sectiontofacilitatechangesinthehullbottomduringthetests.
Thehullwasequippedwithracksforleadballastemdfitthgs
forvariouslocationsofthetotingpivotfrom20to42percent
ofthemeanaerodynamicchord.

ThepitchingmomentsofinertiaoftheIWLbstedmodelwere:

Thetotalweight
greaterthanthe
completedynamic
loadwithoutthe

; l?ivotpo.sittonFiomentofInertia
\(percentM.A.C.) (slug-f+) :

20 8.7
40 10.3 1.

oftheballastedmodelandtowingstaffwassomewhat
scaledesign@?ossload;therefore,testsrequiring
similarityweremadeatthescaleoverloadgross
useofcountezweightso

GZNERALATPARATUSANDPROCEDURE

ThetestsofLan@* tankmodelW3 weremadeinLangleytank
no.1,tiichisdescri%ed”%nreference4. Theapparatusandprocedures
usedforthetowingofpowered@nemi.cmodemaredescribedin
references5 and6. h general,themodelwasrunat the6-foot water
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levelunderthecenterofthetowingca~Tla@wheretheairflow
isparal191tothewatersurfsoeandtheairspeedisapproxi-
mately”5 yercenthiglm?thanthecarriage.epwl.Thomodelwae
freetotrimaboutthep.ivut,whichislocatedatitsballasted
center-of-gravftypositf.on,andwasfreetomoveverticallyhut
waexe~tra:.nedinrollandyaw. Thetowinggearwasconnectedto
therasis!anoedynamometerwhlehmeasuresthenethorizontal
forceappliedtothemodelbytinegear.A viewofthemodel
setiipon‘&etowingalpmatusisshownInfigure59

AERODYNAMICCHARACT!!ZRISIXCS

EffectiveThrust

Theoffectivsthrust,defineias%b propellerthrustminus
thsincreaseIndragWe to&lip8t.ream,waede”wmmiaedatvarious
sp~e~sthrc~Rhoutthetake-offrav~ewit?themodelauyportedIn
thaairsothatitscent3rofgra%-ityy~t;1.3Imlm.9stovethe
water.Thistiimstwasc~cul.atedfrorttl~erelation

Theeffectivethrustt??uedeterminedforthemodeletthefull-
powtirconditionisplottedagainetspeedInfigure6 an3isshown
%og’stherwiththeestim.steilscalei,hrustfortheassumedfulJ.-

Liftsc.dPitchir~Moment

Valuesof-theliftandpitchingmmmntweredeterminedat”
vexbuespeedsaultrimswiththemodelintheairinthesame
posltiorfasforthedeterminate.mofthethrust.Themoments
waretaksnabouta pivctpointlocatedat-2kpercentcfWe mean
aerodynam?.cchord.ThedatafrGmthetestsWitthfu33.powerare
plottedagainst~yeedinfig~~s7, Datawithandwithoutpower
ylottedincoefficientformagainsttrimfora epeedcf35feet
pmsecondareshowninfig-we8, Theseresultsaxezypicalfor
md.tien@neconfiguratimwinthetake-offraugeandIllustrate
‘i.halargaef??uctofpoweronthecoefyicionts.Tkerestitgal.so

includeth~ground@ffGctdue.&theprccciu?.tyofthewat8rwhich
130creasedtheLownwaehaaciconstiszctsthesJipBtieeaflowuaderthe
modela .-.

,

.

9
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HYDROIJXMAMICLONGITUDINALSTABILITY
,-

LandingStability ..-

,,,

‘!l%eltiding’stabilitywasinvestigatedatvariouslanding
trimebyflyingthemodelatthedesiredtrimandthenunifotiY.
deceleratingthetowfngcarriagetoslmul.atethelandimg,meneuver.,
Theresultingvariationsintrimandrisewererecordedonwax
paperbya stylusattachedtothemodel,andtherecord8obtained.
wereusedasenindicatimCfthelemdingstability.

Leadingsoftheoriginalconfiguration,Langleytankmcdell&3,
withthecenterofgravityat30and@ percentofthemean
aerodynamicchord,weremadeata rateofdecelerationof2.5feet
persecondpersecondtiththeflapsinthelandingpositionand
withthepropellerswWdmilling.Theresultsexeshowninfigure9.
Themodelwasunstableduringlsndingsattrimsabove5° (afterbody
keelpara~eltothewatersurface),indicatingthatthedepthof
stepwasinadequateforcompleteventilation.Thedepthofstep

‘wastheretoreincreasedfrom”6.~to9.0percentbeamatthe
centroidbyloweringtheforebody.

Testsofthemodelwiththedeeyeretep,Lex@eytankmodell&-1,
weremadeunderthessmeconditionsexceptthat~hedeceleration
wasreducedto1.0footpersecondpersecond,endtheresulteare
showninfigure10. Theeffectofthemodificationwasto
eliminatamostoftheinstabilityshowninfigure9.

ThelandinSstabilityofmodellf!O-1withthecenterofgravity
at&Opercentmeemaerodynamicchordandattheoverloadgross
loadisshowninfigure11. Therecordsinfigures10and33.indicate
thatwithadequatedepthofstepthepositionofthecenterofgiavity
&ndthegrossloadhavellttleeffectonthelandingcharacteristics.

Tr3.mLfmitsofStibility

Sincelongitudinalstabilitych~acteristicearecommonly
evaluatedintermsofthetrimlimltsofstability,theselimits
withoutowerweredetermineda%thedesigngrossload.forboth

&models”1 endla-l~d areshowninfigureE. Increasingthe
depthofsteptoinsureadequatelandingstebilttyraisedboth
branchesoftheupper3.imltandreducedthesyreadbetweenthe
twobranches,atspeeds@stbeforeget-away,from4.5°tol.~”.
Athighspeeds,thestablerangeoftrimbetweenthelowerlimit
andupperMmlt,decreasir~trim,formodella-lwasabout7°.
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Thetrimlimitsofstabilityfurmodellb-lwithpower
endattheoverloadcorrespondingtol@,WO loundsareshown
infigure13. Thespreadbetweenthetwobrancheeofthe
upperlimitandbetweentheupperandlowertrimlimitsis

X237

approximatelythesameasforthetrimlimitswithoutpowerat
thedesigngrossload.Thetrimlimitsofmodell&)-1with
andwithoutpowerareplottednondimensionallyinfigure14.

Take-OffStability

Ther-e ofstablepositionofthecenterofgravityof
modellb-lwasdetemined%ymakingtake-offswithpowerat
variouspositionsofthecenterofgravityandseveralelevator
deflections.Inthesetestsa uniformrateofacmleration
of1.0footpersecondpersecondwasused.Representativetrim
tracksandtheirrelaticmtotietrimlimitsofstabilityare
presentedinfigure15forvariouspositioneofthecenterof
gravityovertheanticipatedtake-offrange.Theresultsare
summarizedinfigure16asa plotofmaximumamplitudeofporpoioimg
againstpositionofthecenterofgravity.

,
Thisfigureindicates

thats&abletake-offscouldbemadewitha fixedelevatordeflectim
of +0 at~ositionsofthecenterofgravityfrom24to37percent
meanaerodynamicchord.A crossplotofelevatordeflectionrequired

.

forstabletake-offagainstpositionofthecenterofgravityis
showninfigure17. Stabletake-offswithfixedelevatordeflections
werepossibleatall,pacticableyositionsofthecenterofgravity,
andelevatorcontrolwasalsoavailableforrecoveryintheevent
thatporp~isi~occurred.Thestable.rane ofpositionoftie
centerofgravityfortake-offofnmdel1& -1waslargerthanfor
mostmodelstestedintheLangleytanks,Thelocationofthestable
rangeofthemodelfortake-offwithrespecttothestablerange
forflightwassatisfactory;therefore,nofore-and-aftmovementof
thestepwasrequired.

HYmoDmAMIcTAKE-OEFI?ERFORMANOE

Theresistancecharacteristicsofthemodelattrimsand
loadingsccn’respondqtotake-offpowerwereinvestigatedby
measuringtheexcessthrustavailableforaccelerationwiththe
propellersdevelopi~thescaleeffectimthrustshowninfigure6.
!l?histhrustwasmadeequaltotheestimatedvalueateachaPseiLbY
ad~ustingtherev~lutionsperminute.Themodelwastestedatthe
designgroe~loadwiththeflapsintake-offpostti.onandwith
severaldeflectionsoftheelevatorsinordertoincludetrim
formaximumexcessthrust.

—

.
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TheexcessthrustandMm o?Langleytankmodelsl@ andl&3-1
arepresentedinfigures18and19, respectively.Thesecurveshave
beenplottedso,~attheyhavethesamegeneralshapeasthe
resistancecurv66usedfortake-offcomputations.A CO-~S~ Of
similarctives”forbothmodelsindicatesthatthe”increaseindepth
of.qtepraise?thehump,Wirn;approximately1°.’a&3slightlyincreased
th&humyr~sis;t+ce.Whenmaximumexcessthrustisused,modell&l
requiresa%ake-offtfieof,~jsecondsanda &ke-offdistance
of4,100!feetj’wher~asthetaken-offtim&ofLangleytankmodell&l-1
is54eecofisand.thetqke-mf’fdistariceis4,300feet(fullsize).

,, ., ,,

SP&Y CH&WCTERISTICS‘

,. BasicConfigyuatim.-.,..’..: . . ....’............. . ...-: ,.:,.. ..
..:~q,..sp~aychqractiristicsW& investigatedbymakingconstant
sy8”@.and’accelerated”ranswithfullyoweraidwiththe~ropellers
windmil’li~”:in”orderti,observetheeffectofpower.Photographs
were‘takenofthesprayinthepropellersandoftheflowofwater
aroundthe,af~rto~=d @il extensionduringthecoqstant-speed
runs,andmotionpi,ctures,were-takendwtngtheacceleratedruns
foradditionalatu.dy.Forwe power-onte”sts,thepropellerswere
drive~.ata,constantvalueof4,0’OQrpm,,whichwasa meanvalue
fordtivelopmentofscaletiqmqtthroughoutthespeedyange.

-,-
Photo&aphsofWe,&:owsprayofL&gle~~ rncdell&l-1,over

a speedrangeinwhich’thebows~ray’entersthepropellers,are
presented@ &ure 2c)forgrossloadscorrespondingto165,000
aqdL&j000~@JllffS~--The”@pr&y”charadteri,stics“oftiel”~b-1and
mdel’1%,which.had-O.~~inchlessclqaranti~e+we+the.pti@ller
disksqndthe’waterbecauseofI&eshallowerstep,wereapproxi~tely
thesame.At thegrossloadcorrespondingto165,000pounds,only
lightspray,entpred.thepropellerswithfull~wer overe..speed
range~om “11.0to14.5feet”pe”rsecond.At theoverloadcondition
correspon@ag.tol%,COO”pounds,the-amountof’sprayh thepropellers
increased,butthespraycharac.ter,isticswe~ stillaccepixible
(fig.20).’~.e~udt ofspraystri$,ingthe“flapsatthedesi~
grosslqadwas:light;@oth“~~ full”powerand+* pro~llers
windmilling.,,., ““”, : ,,-.

,.,
h.Bot.k’z&3els“1%&d l&)-1,titer”‘fromthea~t&bo&flowed

upthesidesofthetailextensionandwettedtheundersurfaceof
thehorizontal‘tilatapproximatelyh~p speed(fQ. 21). This
conditionwasslightlyworsewiththepropellerswi.ndmillingthan
withfullpower.~

.. ,. .— -,-. ..,
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ModificationsforSprayCatrol

r

!&Q1-extensicnbreakerstrius.-Theadditionofbreakerstrips
shownin~&—2~,-’tothetallextension(LangleytankMCdella +!~
waseffectiveinpreventingthewaterfromwettingthesidesofthe
tailextensionortheImrtzontiltail.Photographsshowingtheflow
ofwatera~oundthetailextensionformodella-2 are~esented
infigure23andmay%ecomparedwithsimilarphotographsshownin
figure21formodella’1. Thefomationofa @aningsurfaceonthe
tailextension(Langleytankmodel180-3),shcwninfigure22(b),
wasalmostaeeffectiveindeflettingthewaterasweretheWeaker
strips.

ofIno%E%f!&8FIdF-’-*
-Althoughthehowsway characteriatlcs

-1wereconsideredsatisfactoryatthedesign
grossload,inboardspraystripswereaddedta thefore30dy
@angleytankmodell&)-4)toobservetheireffectivenessinreducing
thepropellerandflapsyrayatoverloads.Thespraystrips,shown
infigure24,wereaddedwithoutincreasingthebeamofthemodel.
Withthestripsonthemodel,nosprayezrbwedthepropellersup
toa loadccmrespmdingto200,000pounds(fig.25).Nowater ,
s~ck theflapswitifullpowerattheloadco~e8pond~
to1%,000poundsandonlylightspraystruokti flapsattheload
correspondingto200,000pounds.Theadditionof’plastelinefair=,

.

showninfigure24, tothespraystrlys(Langleytankmodellb-5)
didnotappeartoreducethetreffactivenessinpreventingthespray
fromenteringthepropellersorstrikingtheflaps.

Effectofspray-controldevicesonstabilitwandtake-off
‘performance.-Breakerstripsonthetailextensionhadnoappreciable
effectoneitherthetake-offperformanceorthestability
characterstics.

TheadditionofinboardforebodyepraystripsWcreasedthe
.0

rangeofstabletrimbyloweringthelowerlimitapproximately~ .
A similartrendinthelowerlimithas%eenobservedwhenthechine
flareofanothermodelwasincreased.Withintheaccuracyofthe
tests,theforebodyspraystiipshadnoappreciableeffeetcmthe
upper-trimlimits,-on-therang=ofetable-~ositionof
gravityfortake-off,onthe

‘l’heresultsofthetank

Gndingstabiiity, or m

CONCLUSIONS

investigationofLangley

thecenterof
theresistance,

tankmodel1*

.

,

indicatefurtherthevalidityofthe-hydzz c–designprinciples
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wed, andillustrate
at theLangleytanks

the
for

13

hydrodynamicperformancecriterionsemployed
evaluatingthemeritoftheproposedhull

form.Thesignificantconclusionsregardingthedesignofthelong-
rsn.+etransportflyingboatinve~tigatedmaybesummarizedasfollows:

1. A dgpthofstepof9 percentbeamatthecentroidwas
requiredforsatisfactorylandingsta?iilityandrecoveryfrom
u~~r-limltpcmpoising.

.. Thehy&m@mmi.ccem%r-of=gravityrangeforstabletake-0
@ffewassatisfactoryastoextentandlocationwithrespectto
thestableflightrange.desfred.W:thfixedelevators,stable
take-offswerepossibleovera rangeofpositionofthecenterof
gravityofapproximately13percentmeanaerodynamicchord.

3* me tie-offperformancewassatisfadxmyforthepower
loadingazmumed.Thetake-offtimewasapproximately54seconds
andthetake-offdistancewaeapproximatelyk,300feetata gross
loadcorrespondingto165,~ pounds.

k. Therelationoftheproportionsh thedesignloadingof
thehullwascorrectfarsatisfactoryspraycharacteristics.Over-
loadsuptoa grossloadcorresyandingto200,000poundswere
possiblewithrelativelysimplespray-controldevices.

5. Favorablehydrodynamiccharacteristicswereo’btainedwith-
outdepartingwidelyfromthedesirableaerodynamicformofhull
compatibletithanefficientover-alldesign.

Theseconclusionsarebelievedtomakethehulllinesandthe
associatedtankdataofgeneralinterestandshouldheusefulin
preliminarydesignoflargeflyingboatsofthemodella type.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,November29,1946

the

.
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—TABLEIo-LAmLEYTAmMcr ELleo-ARmImAMIc AND

PRORIL51KECEARAC~ICS ANDRULLDIMENSIONS
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Fullpcwur,rpm . . . ..o. . . . . .
Angleof thrustlae tQbaseline,dsg
Centerlineof Inboardpropel.lere
abovebaaellne,in... . . . . . . .

Hull:
Msximumbean+R...... . .
Lengthofforebcdy,ft . . . . .
Lengthof=tsrbcdy,ft . . . . .
Lengthoftailextension,ft . .
Over-alllength,ft ... ... . . .
Angleofmin step(V-type),dog
Depthof stepat keel,in, . . .
Depthof stepat centroid,in. .
Angleofforsbodykeel,&eg . .
Angleofaftarbodykeel,dog..
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13.7
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18.88
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61.67
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823.0
3.0
8.o

4
4
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5.5

254.5

15.0
51.0
37.5
35.99124.49
3015.96

u.76
2.0
5.0
7.0
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17.5

~kdslm

94.3
25.58
2.01

k 3.69
46.9

16.7
2.33
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l%

3.51
1.57

4.30
0.36

.%
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4
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(a) Se -00.
Figure7.-ModellEO.Variationofaerodynamicliftandpitching
momentswithtrim.~r.3°;center of gravity, 2+ percent mean
aerodwxsnicchord”;full power.
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(b) se = -15°.
Figure7.-Concluded.
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(b) Center of gravity, 40 &rc@ lvl.A.C,&W~~e
Figure 9.- Model 160. Variofion of trim and draft during landing. Gross

94.3 pwds (165,000 lb, full size); without poweq g+ ❑ 55°.<
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Figure 10.- Model 180-1. Variation of trim and draft du;ing landing. Gross
load, 94.3 pounds (165,000 lb, full size); wiitlout power; ~ =55°.
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Figure II. - Model 180-1. Variotii of trim and draft during landing. Gross load,

105.7 pounds (185,000 lb, full size); center of gravtiy, 40 pement mean
aerodynamic chord; without power; &= 55°.
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withoutpower. Grossload, 9+.3 pounds(165,CW lb, full
size); 5f = 55°.



Fig. 13 NACATN No. 1237

14

12k

10-

40
2
z“
~6

\

4
Lowerlimit’

2

Speed,fps NATIONALADVISORY
COMMITTEEFORAERONAUTICS

Figure13.- Model180-1. Trimlimits of stability with power.
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(a) Langleytankmodel180-2. Breakerstripontail extension.
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and180-3. Sketchof breakerstrin.(b) Langleytankmodels180-2
(Dimensionsin inches.)
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Figure22.- Modificationsontail extensionfor spraycontrol.
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